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(54) Dedusting unit for a laser optical element 

(57) A dedusting unit (115) for a laser optical ele- 
ment is provided. The dedusting unit comprises a high- 
voltage duct (301 ) comprising a high-vottage conducting 
core (304) having a first end and a second end and an 
insulator element (303) disposed around the core. The 
first end of the core is connectable to a high voltage pow- 
er supply and the second end of the core is electrically 
connected to a wire loop (302). The dedusting unit may 


be used in connection with a variety of gas lasers. In 
use, the dedusting unit is mounted to the laser tube 
(101) so that the wire loop is disposed inside the gas 
laser tube in proximity to an optical element (116) to be 
protected from dust. The dedusting unit is further mount- 
ed so that the wire loop is transverse to the resonating 
path of the laser light within the laser tube so that the 
resonating laser light may pass through the wire loop 
without being obstructed by the wire loop. 
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Description 

[0001] The present invention relates to dedusting 
units for the laser optical elements of gas lasers. 
[0002] Lasers have recently been applied to a large 
variety of technical areas, such as optical measurement 
techniques, material processing, medicine, etc. 
[0003] Thus, there is a big demand on providing near 
diffraction-limited lasers, i.e. lasers generating laser 
beams having a short wavelength. 
[0004] The excimer laser, such as the one disclosed 
in US Patent No. 5,771 ,258, serves well as a laser for 
generating coherent light. The excimer laser described 
in US Patent No. 5,771 ,258 is a pulsed argon fluoride 
excimer laser. 

[0005] Pulsing is required in excimer lasers to allow 
sufficient time between pulses to replace the laser gas 
within the discharge region with fresh gas and allow the 
gas used for generating the previous pulse to recover 
before being used again for another gas discharge. In 
the discharge region (i.e., discharge gap), which is de- 
fined between an elongated high voltage electrode and 
an elongated ground electrode, which are spaced apart 
from each other, a pulsed high voltage occurs, thereby 
initializing emissions of photons, which form the laser 
beam. 

[0006] The laser beam is emitted along the extended 
ground electrode in a longitudinal direction of the laser 
tube. The laser beam leaves the tube through a window 
of the tube. 

[0007] U nf o rtu nately d ust with in th e I aser tube deteri- 
orates the optical performance of the optical elements 
within the tube, for example the windows and/or mirrors 
in the tube, which define the laser resonator. 
[0008] There have been made several efforts to solve 
this problem. 

[0009] For example, Japanese Patent No. 6 237 034 
discloses a discharge excited gas laser device with neg- 
ative electrodes having holes, through which the laser 
beam can pass. The negative electrodes are mounted 
to the optical window sections in the lasertube. Negative 
voltage is applied to the electrodes by a negative power 
supply to thereby charge the surface of the optical win- 
dows, which would normally be brought into contact with 
dust in the laser tube, with a negative charge. As a re- 
sult, negatively charged dust particles in the tube are 
prevented from adhering to the optical windows. 
[0010] Furthermore, Japanese Patent No. 5 067 823 
discloses a discharge excitation pulse gas laser appa- 
ratus with a static gas chamber provided near an optical 
window at the end section of the laser tube. The static 
gas chamber includes a space that is designed to en- 
sure no gas flow occurs within the chamber due to the 
gas circulation in the rest of the laser, thus making it hard 
for the metallic dust particles to reach the surface of the 
window even if the gas is agitated by a gas circulation 
means, such as a fan, in the laser tube. 
[001 1 ] German Patent Application DE 1 98 400 35 dis- 


closes an excimer laser with a pair of electrodes in the 
region of the windows. A high voltage is applied to the 
electrodes to control a plasma gas flow through the out- 
put window. The electrodes located in the region of the 

5 windows, thus generate a directed gas flow. Further, a 
series of slots in the electrodes are electrostatically 
charged to attract dust particles. In the lasertube, a main 
electrode arrangement is provided for creating a gas 
discharge. In addition, a gas-cleaning unit is provided. 

w [0012] The laser tubes according to the state of the 
art as mentioned above use a technology, in which the 
optical system itself or the limiter of the reduced flow 
area is charged. This leads to a large surface to be 
charged and thus, high-energy losses occur with only 

15 low field gradients of the electrical field bei ng generated. 
The charged elements push off pre-charged metallic 
dust particles. Another disadvantage of the devices de- 
scribed above is their rather complex construction, 
which makes them expensive and susceptible to mal- 

20 functions. 

[001 3] The present invention may be used in conjunc- 
tion with the inventions described in the patent applica- 
tions US 09/510, 538, US 09/510,539, US 09/510,017, 
US 09/51 0,666, US 09/51 1 ,648, and US 09/51 1 ,649. All 

25 of the foregoing applications are incorporated by refer- 
ence as if fully set forth herein. 
[0014] A first object of the invention is to provide a 
dedusting unit for a laser optical element with improved 
properties, especially with reference to the complexity 

30 of construction. 

[001 5] To achieve the first object, a dedusting unit for 
a laser optical element is provided, which comprises a 
high-voltage duct comprising a high-voltage conducting 
core having a first end and a second end and an insu- 

35 lator element disposed around the core, the first end of 
the core being connectable to a high voltage power sup- 
ply, and a wire loop electrically connected to the second 
end of the high-voltage core. 

[0016] The optical element to be protected by the 
40 dedusting unit may be any of the optical elements used 
in a gas laser. As a result, the optical element to be pro- 
tected may be a fully reflective mirror, a partially trans- 
parent, partially reflective mirror, or a fully transparent 
window. 

45 [0017] Thus, the present invention provides a very 
simple device for preventing dust from reaching an op- 
tical element of the lasertube, especially the output win- 
dow, through which the laser light is emitted, or the 
100% reflecting mirror providing resonant laser light. 

so Because the construction is very simple and small, the 
dedusting unit according to the invention may be readily 
mounted in front of the mirrors and windows in the tube. 
[0018] Furthermore, the dedusting unit according to 
the invention may easily be detached from its mounting. 

55 a further advantage of the device is that an electrical 
field with very high field gradients is generated by the 
wire loop when the dedusting unit is connected to a high 
voltage power supply, thereby significantly improving 
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the dedusting effect compared with the devices accord- 
ing to the state of the art. 

[001 9] The wire loop may have any loop form. Prefer- 
ably, however, the wire loop has a substantially circular 
form having a diameter, which is sufficient to allow the 
resonating laser light within the tube to pass through the 
wire loop without being obstructed. 
[0020] A second object of the invention is to provide 
a gas laser comprising a laser optical element with an 
improved dedusting unit, especially with reference to the 
complexity of the construction of the dedusting unit. 
[0021 ] To achieve the second object of the invention, 
a gas laser is provided comprising a tube having a first 
end wall at one end and a second end wall at the other 
end and defining a cavity for containing a laser gas. An 
elongated high voltage electrode is disposed within the 
tube and extends parallel to the longitudinal axis of the 
tube. An elongated ground electrode is also disposed 
within the tube. The ground electrode extends parallel 
to the high voltage electrode and is spaced apart from 
the high voltage electrode to thereby define a gas dis- 
charge gap therebetween. A laser resonating path is al- 
so provided in axial alignment with the gas discharge 
gap. A first laser optical element is disposed in the laser 
resonating path and has a side exposed to the cavity 
formed by the tube. And a dedusting unit is mounted to 
the laser tube. The dedusting unit comprises (1) a high- 
voltage duct comprising a high-voltage conducting core 
having a first end and a second end and an insulator 
element disposed around the core, the first end of the 
core being connectable to a high voltage power supply, 
and (2) a wire loop electrically connected to the second 
end of the high-voltage core. The dedusting unit is 
mounted to the laser tube so that the wire loop is dis- 
posed inside the tube in proximity to the first side of the 
optical element, and the wire loop is transverse to the 
resonating path so that the resonating path passes 
through the wire loop. 

[0022] The gas laser comprising the dedusting unit 
according to the present invention has improved prop- 
erties with reference to maintenance and lifetime, be- 
cause the optical elements, such as a window or a mirror 
within the tube, dirty significantly less compared with 
those according to the state of the art. 
[0023] A third object of the invention is to provide a 
simple method for assembling a dedusting unit for a la- 
ser optical element in a gas laser. 
[0024] To achieve this third object, a method for in- 
stalling a dedusting unit for a laser optical element of a 
gas laser is provided, wherein the gas laser comprises 
a tube having a first end wall at one end and a second 
end wall at the other end and defining a cavity for con- 
taining a laser gas, a laser resonating path substantially 
parallel to the longitudinal axis of the tube and along 
which coherent light can resonate, and a laser optical 
element having a first side exposed to the cavity formed 
by the tube, the laser optical element being mounted to 
the first end wall so that the first side of the optical ele- 


ment is disposed in the laser resonating path, and 
wherein the dedusting unit for the optical element com- 
prises (1 ) a high-voltage duct comprising a high-voltage 
conducting core having a first end and a second end 

5 and an insulator element disposed around the core, the 
first end of the core being connectable to a high voltage 
power supply, and (2) a wire loop electrically connected 
to the second end of the high-voltage core. A preferred 
method according to this third object of the invention 

10 comprises the steps of (1) flattening the wire loop into 
an elongated shape so that the width of the wire loop is 
smaller than the diameter of a bore hole extending 
through the first end wall, (2) inserting the wire loop 
through the bore until the elongated wire loop is inside 

15 the tube, (3) expanding the elongated wire loop to a de- 
sired form which is transverse to the resonating path, 
and (4) positioning the wire loop of desired form so that 
it is in proximity to the first side of the optical element 
and the laser resonating path passes through the wire 

20 loop. 

[0025] Thus, a very simple and thus cheap method is 
provided for installing a dedusting unit for a laser optical 
element in a gas laser according to the present inven- 
tion. 

25 [0026] In accordance with a preferred embodiment of 
the present invention, the high-voltage duct is a 
waveguide like coaxial duct. 

[0027] According to a further embodiment of the in- 
vention, the insulator element of the high-voltage duct 
30 comprises a cylindrical ceramic tube and the core is co- 
axial iy disposed within the ceramic tube. With this em- 
bodiment, an effective and cheap construction of the 
high voltage duct is provided. 

[0028] The dedusting unit for the laser optical element 
35 may be installed through a borehole that extends radi- 
ally through one of the end walls of the laser in proximity 
to the optical element to be protected. Alternatively, the 
dedusting unit may extend through a borehole that ex- 
tends transverse through the end wall on which the op- 
40 tical element to be protected is mounted. 

[0029] The dedusting unit of the present invention can 
be used in connection with a variety of gas lasers. It is 
particularly well suited to be used in connection with ex- 
cimer lasers. 

45 [0030] Preferred embodiments of the invention will 
now be described in detail in connection with the accom- 
panying drawings. 

FIGURE 1 is a partial cut-away side view of a gas 
so laser in which the dedusting unit for a laser optical 
element according to a preferred embodiment of the 
invention is employed; 

FIGURE 2 is a cross-sectional view of the gas laser 
in Fig. 1 along Line 2-2; 
55 FIGURE 3 is a partial cut-away side view of another 
gas laser in which a dedusting unitfor a laser optical 
element according to the invention is employed; 
FIGURE 4 is a front view of a dedusting unit for a 
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laser optical element according to a preferred em- 
bodiment of the invention, the dedusting unit being 
interposed between the gas discharge gap and an 
optical element mounted to an end wall of a laser 
tube; and 

FIGURE 5 is a cross-sectional view along Line 5-5 
of the dedusting unit shown in Figure 4. 

[0031 ] A gas laser 1 00 in which the dedusting unit 11 5 
of the present invention may be used is illustrated in Fig- 
ures 1 and 2. Figures 1 and 2 show a gas laser 100, 
preferably an excimer laser, comprising a tube 101, a 
discharge unit 1 02, a circulation means 201 , and a laser 
optical system 103 and 120. 

[0032] Laser tube 101 includes a first end wall 96 at 
one end and a second end wall 98 at the other end. La- 
ser tube 101 defines a laser cavity for containing the 
desired laser gas. 

[0033] The circulation means 201 is optional and may 
comprise, for example, a fan or any other means known 
for circulating lasing gases in gas lasers. 
[0034] The discharge unit 102 is mounted into the 
tube 101 and comprises a high voltage electrode 104 
and the ground electrode 105. The high voltage elec- 
trode 104 and the ground electrode 105 are spaced 
apart from each other, thereby defining a gas discharge 
gap 1 06. A high voltage is applied to the high voltage 
electrode 104 via a plurality of high voltage ducts 107, 
which carry the high voltage electrode 1 04. Each high 
voltage duct 107 comprises a conductive core 108 and 
an insulator element 110 arranged around the conduc- 
tive core 108. In addition, each high-voltage duct 107 
includes a cylindrical shield 401, which is disposed 
around a portion of the insulator element 110. Each high 
voltage duct 107 is attached to the high voltage elec- 
trode 104. The high voltage ducts may be attached to 
the high voltage electrode using any suitable fastener. 
In the present embodiment, a double threaded stud 112 
is used to attach electrode 1 04 to each conductive core 
108 of each duct 107. 

[0035] Furthermore, discharge unit 102 is provided 
with an elongated electrode plate 111. The electrode 
plate 1 1 1 includes holes, through which the high voltage 
ducts 1 07 extend so as to be connected to the high volt- 
age electrode 104. Each high voltage duct 107 is fixed 
to the electrode plate 1 1 1 by an attachment means, such 
as bolts 113. Those skilled in the art wil I appreciate, how- 
ever, that any suitable attachment means may be used 
to fix ducts 1 07 to electrode plate 111. 
[0036] The insulator elements 110 are preferably 
made of a ceramic material. Optionally, however, they 
may be made from other isolattve materials, including, 
for example, a fluoride material. They preferably have a 
shape which conically expands towards the high voltage 
electrode 1 04 and comprise a corrugated surface, so as 
to increase a creepage path extending along said sur- 
face. This helps to prevent surface fiashover between 
the high voltage electrode 104 and the grounded elec- 


trode plate 111. 

[0037] As illustrated in Fig. 2, discharge unit 1 02 also 
preferably comprises a shadow plate 210 disposed be- 
tween the gas discharge gap 106 and the insulator ele- 
s ment 110 for protecting the insulator element 110 
against the corrosive effect of the laser gas and of the 
laser radiation . Shadow plate 21 0 is preferably made out 
of a metal, such as aluminum. 

[0038] The excimer laser 100 is preferably a pulsed 
io argon fluoride (ArF) excimer laser with a wavelength of 
about 193 nanometers. This means, argon fluoride gas 
is used for generating a laser beam. However, as those 
skilled in the art will appreciate, any of the known exci- 
mer laser gases may be used in connection with the 
15 present invention, as well as any of the other lasing gas- 
es for gas lasers. 

[0039] By applying a high voltage pulse on the order 
of 20 kV to the high voltage electrode 1 04, the laser gas 
(e.g., argon fluoride gas) and additionally helium and/or 

20 argon gas as a buffer gas in the discharge gap 1 06 gen- 
erate a laser beam which is emitted through the laser 
optical system comprising a front optical system 103 
and a rear optical system 120. As those skilled in the art 
will appreciate, the laser resonating path for the laser 

25 1 00 is in axial alignment with the gas discharge gap 1 06. 
[0040] Laser 100 typically further comprises a front 
optical element 116, through which the laser beam 
emits. Optical element 116 is disposed in the laser res- 
onating path and has one side exposed to the laser cav- 

30 rty formed by tube 1 01 . Optical element 1 1 6 in front op- 
tical system 1 03 emits the laser beam, it may, therefore, 
comprise a partially reflective mirror or a fully transmis- 
sive window. 

[0041] Optical element 116 may be provided, for ex- 

35 ample, in an optical system 1 03, which includes an ad- 
justable mounting means 117 for adjusting the position 
of the optical element 116 in relation to the tube 101 . 
Rear laser optical system 120 similarly includes an op- 
tical element 116 (not shown) disposed in the laser res- 

40 onating path and adjusting means 117. However, the op- 
tical element 116 of the rear laser optical system 120 
would preferably comprise a totally reflective mirror rath- 
er than a partially reflective mirror or a fully transmissive 
window. If both optical elements 116 are fully transmis- 

45 sive than the mirrors forming the resonator may be 
mounted on adjustable mounting brackets, which are 
separate from the laser tube 1 01 as is known in the art. 
As those skilled in the art will appreciate, front and rear 
optical elements 116 may also be mounted directly in 

so the end walls of the laser tube 101 as shown in Figure 3. 
[0042] Regardless of whether front optical element 
116 is mounted directly in end wall 96, or a mounting 
structure, such as optical system 103, attached to the 
end wall 96, a port 97 is provided in the end wall 96, 

55 which is aligned with the resonating path. In addition, 
the optical element 116 is also aligned with the port 97 
so that laser light resonating in the laser can impinge 
upon the optical element 116. 
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[0043] Preferably a similar structure to that employed 
at end wall 96 is also employed at the end wall 98. How- 
ever, laser 100 may also be designed so that the rear 
optical element 116 is mounted in alignment with the 
resonating path fully within laser tube 1 01 , for example, 5 
on the inner wall of the rear end wall 98. 
[0044] Figure 2 is a cross-sectional view along line 2-2 
of the excimer laser 1 00 shown in Fig. 1 . As can be seen 
in Figure 2, the excimer laser 100 preferably further in- 
cludes a circulating means 112, such as a fan, for circu- 
lating the excimer laser gas through the discharge gap 
1 06 and an optional dedusting unit 202 for dedusting the 
gas flow through the tube 1 01 . The dedusting unit com- 
prises high voltage wires 203, separated from each oth- 
er by U-shaped channels 204 extending along the tube 
101. Furthermore, two guiding plates 205, which are 
elongated in the longitudinal direction of the tube 101 
are preferably provided for guiding the gas flow through 
discharge gap 1 06 and a portion of such gas into dedust- 
ing unit 202. After exiting dedusting unit 202, the gas 
returns to fan 201 to be re-circulated through the laser 
101. 

[0045] The ground electrode 1 05 is preferably carried 
by, or mounted to, the electrode plate 11 1 via a plurality 
of flow guides 209, which will be referred to again later. 
Flow guides 209 are preferably conductive so that they 
electrically couple the ground electrode 1 05 to the elec- 
trode plate 111, which in turn electrically couples the 
ground electrode to the laser tube 101 , which is held at 
ground potential. 

[0046] Adjacent to the high voltage electrode 1 04, two 
pre-ionizers 206 are provided, which serve to pre-ionize 
the laser gas to ensure greater homogeneity of the gas 
discharge in the discharge gap 1 06. 
[0047] The pre-ionizers 206 are preferably corona- 
type pre-ionizers and extend substantially parallel to 
said high voltage electrode. The pre-ionizers 206 have 
a coaxial shape with a conductive core 207 surrounded 
by a tube shaped insulator 208. 
[0048] The corona-type pre-ionizers can be mounted 
immediately adjacent to the high voltage electrode. In 
particular, as shown in Fig. 2, the corona-type pre-ion- 
izers should be mounted at the opposing edges of the 
high voltage electrode so that it is disposed adjacent the 
electrode face of the high voltage electrode facing the 
ground electrode. 

[0049] Although corona-type pre-ionizers are pre- 
ferred for use as pre-ionizers 206 in connection with the 
present invention, those skilled in the art will recognize 
that any of the pre-ionizers known in the art may be 
used. Furthermore, the insulator of the pre-ionizers can 
be TEFLON® , or any suitable insulator, but it is prefer- 
ably a ceramic material. It can also be a fluoride mate- 
rial. Alternatively, any other kind of known pre-ionizer 
can be used. The pre-ionizers are not necessary for the 
discharge unit to work. Indeed, excimer lasers were 
known before the invention of pre-ionizers. Preioniza- 
tion, however makes the gas discharge between the 


high voltage electrode and the ground electrode more 
homogeneous and thus more reliable. 
[0050] Although high voltage electrode 104 and 
ground electrode 105 are preferably mounted on an 
electrode plate to form a modular discharge unit 1 02 as 
described above. The present invention is not limited to 
use in gas lasers with modular discharge units. As those 
skilled in the art will appreciate, a variety of techniques 
have been used for mounting an elongated high voltage 
electrode and an elongated ground electrode in a par- 
allel, spaced-apart relationship in a gas laser tube so as 
to define a gas discharge gap therebetween and the la- 
ser resonating path. Those skilled in the art will appre- 
ciate that these other techniques may also be satisfac- 
torily employed in connection with the present invention. 
[0051 ] As illustrated in Figures 1 and 3, laser 1 00 pref- 
erably comprises dedusting units 115 for the optical el- 
ements 116 in the front-end wall 96 and rear end wall 
98. Although it is preferred to use a dedusting unit 115 
for each optical element 116, the present invention also 
contemplates the use of only one dedusting unit 1 1 5 for 
one of the optical elements 116. If only one dedusting 
unit 115 is to be employed, preferably it is used in con- 
nection with the optical element 116, which is designed 
to emit the laser light from the laser. In the embodiments 
illustrated in Figures 1 and 3, this would correspond to 
the optical elements 116 mounted on the front-end wall 
96. 

[0052] As can be seen from Figure 4, the dedusting 
unit 115 is placed in front of the window 11 6 of the tube 
1 01 . This is true regardless of whether optical element 
116 is mounted in an adjustable mounting means 103, 
120, as shown in Figure 1 , or directly in an end wall 96, 
98, as shown in Figure 3. 

[0053] Referring to Figures 4 and 5, the dedusting unit 
115 comprises a high-voltage duct 301 and a wire loop 
302. High-vortage duct 301 comprises a high-voltage 
conducting core 304 and an insulator element 303 dis- 
posed around the core. One end of the high-voltage core 
is connectableto high-voltage power supply (not shown) 
and a second end is electrically connected to the wire 
loop 303. Preferably insulator element 303 is made out 
of a ceramic material. 

[0054] The high voltage duct 301 is preferably formed 
as a waveguide like coaxial duct comprising a cylindrical 
ceramic tube 303 and the high-voltage wire 304 coaxi- 
ally penetrating the insulator tube 303. 
[0055] The dedusting unit 115 is preferably installed 
in laser unit 100 by flattening the wire loop 302 into an 
elongated loop so that the width of the wire loop is small- 
er than the diameter of a bore hole 405 in tube end wall 
96, and preferably the outer diameter of the high-voltage 
duct 301 . The dedusting unit 115 is then inserted, wire 
loop end first through the bore 405 until the elongated 
wire loop is inside the tube and at least a portion of the 
high-voltage duct 301 is within the bore 405. The wire 
loop is then expanded to a desired form, which is trans- 
verse to the resonating path and positioned so that it is 
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in proximity to the inner facing surface of the optical el- 
ement 11 6 and the laser resonating path passes through 
the wire loop. Preferably, the diameter of the expanded 
loop is sufficient to allow the resonating laser light within 
the tube to pass through the wire loop 302 without being 
obstructed. 

[0056] As will be appreciated by those skilled in the 
art, the flattening step may be omitted if the wire loop is 
initially formed so that it is elongated and with diameter 
less than the bore 405. In such a case, however, the 
wire loop should be of sufficient size that it is capable of 
being expanded to a diameter greater than the bore di- 
ameter so that upon expansion the resonating laser light 
may pass through the loop without obstruction. 
[0057] Preferably bore 405 extends radially through 
the end wall on which the optical element 1 1 6 to be pro- 
tected is mounted. However, it is also possible to con- 
struct a high-voltage duct 301 which would allow the 
dedusting unit to be inserted through a bore extending 
transversely through the end wall in which the optical 
element 116 to be protected is mounted. 
[0058] After the dedusting unit 1 15 is installed, the cir- 
cular wire loop end portion 302 is disposed in front of 
and in close proximity to the inner facing surface of op- 
tical element 1 1 6 mounted on end wall 96. The wire loop 
end portion 302 is electrically coupled with a high-volt- 
age power supply (not shown) via high-voltage conduc- 
tor 304, which forms the conducting core of waveguide 
like coaxial duct 301 . The high-voltage power supply 
may be provided inside or outside the laser tube 1 01 . 
[0059] The dedusting unit 115, as shown in figure 5, 
comprises securing means 402, 403, 404, 408 for con- 
necting the dedusting unit 115 to a high voltage supply 
(not shown) inside or outside the tube 1 01 . The securing 
means comprise for example a flange for being fixed to 
a housing of the high voltage power supply. 
[0060] When there is high voltage applied to the wire 
loop 302, an electric field with very high field gradients 
is generated. As a result of this electric field, the dust 
particles in the tube 101 are electrostatically charged 
and thus they are pushed off, so that they cannot easily 
reach the window 1 1 6. The dust particles are pushed off 
to walls 406 of a small chamber 407 which may be pro- 
vided in port 97, or, alternatively to inner side walls of 
the tube. 

[0061 ] Thus, in difference to the devices according to 
the state of the art, by the present invention, the optical 
element itself is not used for pushing off electrostatically 
pre-charged dust particles. Instead, the previously non- 
electrostattcally charged dust particles are charged by 
the electric field with the high field gradient generated 
by the wire loop 302 and the then the charged particles 
are pushed off. 

[0062] From the above description it should be under- 
stood, that the dedusting unit 115 might naturally be 
mounted in front of a different optical element such as 
the rear optical element 116 mounted on the rear end 
wall 98. Furthermore, the dedusting unit 115 of the 


present invention may be used to protect a variety of 
optical elements, including mirrors (fully reflective or 
partially reflective, partially transmissive mirrors), or any 
other optical element, for instance a 1 00% transparent 

s window, if the reflective laser optical elements are dis- 
posed outside the tube. The dedusting unit of the 
present invention may also be employed to protect op- 
tical elements that may be fully contained in the laser 
tube and thus have are exposed to the laser cavity and 

10 the dust therein on both sides. 

[0063] Furthermore, it should be understood, that the 
invention is suitable for any gas laser, though in the pre- 
ferred embodiment, an excimer laser is described as de- 
scribed above. 

15 

Claims 

1. A dedusting unit for a laser optical element, com- 
20 prising: 

a high-voltage duct comprising a high-voltage 
conducting core having a first end and a second 
end and an insulator element disposed around 
25 the core, the first end of the core being connect- 

able to a high voltage power supply; and 
a wire loop electrically connected to the second 
end of the high-voltage core. 

30 2. A dedusting unit according to claim 1 , wherein the 
high-voltage duct comprises a coaxial duct. 

3. A dedusting unit according to claim 2, wherein the 
insulator element of the high-voltage duct compris- 
es es a cylindrical ceramic tube and the core is coaxi- 
al ly disposed within the ceramic tube. 

4. A gas laser, comprising: 

40 a tube having a first end wall at one end and a 

second end wall at the other end and defining 
a cavity for containing a laser gas; 
an elongated high voltage electrode within the 
tube and extending parallel to the longitudinal 

45 axis of the tube; 

an elongated ground electrode within the tube, 
the ground electrode extending parallel to the 
high voltage electrode and being spaced apart 
from the high voltage electrode to thereby de- 

50 fine a gas discharge gap therebetween; 

a laser resonating path in axial alignment with 
the gas discharge gap; 

a first laser optical element disposed in the la- 
ser resonating path and having a first side ex- 
55 posed to the cavity formed by the tube; and 

a dedusting unit comprising (1) a high-voltage 
duct comprising a high-voltage conducting core 
having a first end and a second end and an in- 
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sulator element disposed around the core, the 
first end of the core being connectable to a high 
voltage power supply, and (2) a wire loop elec- 
trically connected to the second end of the high- 
voltage core; wherein 5 
the dedusting unit is mounted to the laser tube 
so that the wire loop is disposed inside the tube 
in proximity to the first side of the optical ele- 
ment, and the wire loop is transverse to the res- 
onating path so that the resonating path passes w 
through the wire loop. 


12. A gas laser as claimed in one of the preceding 
claims, wherein the laser gas is an excimer laser 
gas. 


5. A gas laser according to claim 4, wherein the optical 
element comprises an optical element selected 
from the group consisting of a fully reflective mirror, 
a partially transparent, partially reflective mirror, 
and a fully transparent window. 

6. A gas laser according to claim 4, wherein the optical 
element is mounted on the first end wall and com- 20 
prises an optical element selected from the group 
consisting of a fully reflective mirror, partially trans- 
parent, partially reflective mirror and a fully trans- 
parent window. 

25 

7. A gas laser according to claim 6, further comprising: 

a second optical element disposed in the laser 
resonating path and mounted on the second 
end wall of the laser tube, wherein the second 30 
optical element includes a first side exposed to 
the cavity formed by the tube, and the second 
optical element is selected from the group con- 
sisting of a completely reflective mirror, a par- 
tially transparent, partially reflective mirror, and 35 
a fully transparent window; and 
a second dedusting unit mounted to the laser 
tube so that the wire loop is disposed inside the 
tube in proximity to the first side of the second 
optical element, and the wire loop is transverse 40 
to the resonating path so that the resonating 
path passes through the wire loop. 

8. A gas laser according to claim 4, wherein the high- 
voltage duct comprises a coaxial duct. 45 

9. A gas laser according to claim 5, wherein the insu- 
lator element of the high-voltage duct comprises a 
cylindrical ceramic tube and the core is coaxially 
disposed within the ceramic tube. so 


10. A gas laser according to claim 4, wherein the high 
voltage duct of the dedusting unit extends through 
the first end wall. 

11. A gas laser according to claim 6, wherein the high 
voltage duct of the dedusting unit extends through 
the first end wall. 
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